Omalizumab is indicated for the management of chronic idiopathic urticaria (CIU) (also known as chronic spontaneous urticaria) in adolescents and adults with persistent hives not controlled with antihistamines. The effectiveness of omalizumab in the real-world management of CIU is largely unknown.
C hronic idiopathic urticaria (CIU), also known as chronic spontaneous urticaria (CSU), is defined as the development of wheals, angioedema, or both that lasts for at least 6 weeks. 1, 2 Symptoms of CIU include swelling, itching, and pain in affected areas as well as general discomfort that negatively influence patients' quality of life. 3, 4 Many patients with CIU remain symptomatic for periods lasting up to 5 years despite approved or higher-than-approved doses of H1 antihistamines. Clearly, there is room for improvement in the treatment of CIU. 4 Omalizumab is a recombinant humanized monoclonal antibody that reduces levels of free IgE and the high-affinity receptor for the Fc region of IgE that are essential in mast-cell and basophil activation in conditions like CIU. Several early, phase 2, randomized, placebo-controlled, multicenter studies of omalizumab have provided evidence of beneficial efficacy on symptoms in patients with CIU who were previously symptomatic despite the use of approved doses of H1 antihistamines. 5, 6 In a pivotal phase 3 trial, omalizumab diminished signs and symptoms among patients with CIU who were symptomatic despite the use of approved doses of H1 antihistamines compared with placebo.
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While the efficacy of omalizumab for the treatment of CIU has been established, the clinical benefits and harms associated with omalizumab therapy in the real-world management of CIU are less well known, particularly since patients included in trials do not always reflect the complexity of patients with CIU seen in clinical practice. Efficacy-effectiveness gaps (ie, differences in outcomes reported in clinical trials vs realworld practice) are common and confound both clinical and policy-level decision making. 8, 9 In line with our research group's previous systematic review 10 and meta-analysis 11 of omalizumab in severe allergic asthma, we recently completed a systematic review of omalizumab in CIU. 12 The purpose of the present report is to quantitatively synthesize what is known about the benefits and harms of omalizumab as used in real-world management of CIU using meta-analytic techniques, and to provide insight into potential efficacy-effectiveness gaps.
Meta-analyses and Systematic Reviews of Observational Studies (see eChecklist in the Supplement).
14 A total of 67 observational studies on the effectiveness of omalizumab in CIU (with or without angioedema) were identified ( Figure 1) . As detailed in eTable 1 in the Supplement, there were 19 studies of patients with CIU or CSU specified, 2 of patients with chronic autoimmune urticaria (CAU), 5 of patients with chronic urticaria not otherwise specified (CU NOS), 38 of patients with CIU, CSU, or CU NOS with comorbidities, and another 3 of mixed samples of patients with urticaria. These articles on the effectiveness of omalizumab in CIU were included in our group's systematic review, which also contains additional study description, narrative analysis, and tables of evidence.
12

Reported Outcomes
Changes in the weekly Urticaria Activity Score (UAS7) (mainly using the daily method) were reported in studies included in the present meta-analysis. The UAS7 asked respondents to rate the number of wheals they have and the intensity of pruritus daily for 1 week. Scores on the UAS7 range from 0 to 42, with higher scores indicating worse CIU. 82 Several studies also reported change in Urticaria Activity Score (UAS) collected at 1 time point; the UAS ranges from 0-6, with higher scores indicating worse CIU. Pretreatment and posttreatment scores were provided such that change in scores could be calculated if not reported. The ranges of minimally important difference on the UAS7 and UAS have been reported as 9.5 to 10.5 and 4.5 to 5.5, respectively.
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Several articles have reported quality of life as measured by the Dermatology Life Quality Index (DLQI) . 84 The DLQI is a 10-item self-administered questionnaire. A DLQI score is calculated by summing the results of each question to a total between 0 (no effect) and 30 (extremely large effect on quality of life). The range of minimally important difference on the DLQI has been reported as 2.24 to 3.10. 85 Several additional articles reported pretreatment and posttreatment quality of life measured by the Chronic Urticaria Quality of Life Questionnaire (CU-Q 2 oL). The CU-Q 2 oL is a self-administered 23-item questionnaire, with 5 response options on how much patients have been troubled by each problem (from 1, not at all, to 5, very much), with higher scores (ranging from 23 to 115) indicating worse quality of life.
86
Clinical response to omalizumab was reported in 2 different ways across studies. First, a vast majority of articles reported 3 categories of response: (1) complete response (reported in numbers of cases and most frequently defined as symptom disappearance that commonly could be followed by discontinuation of antihistamine treatment); (2) partial response (reported in numbers of cases and most frequently defined as incomplete symptom improvement, or symptom improvement followed by worsening after discontinuation of antihistamine treatment); and (3) nonresponse or refractory CIU (reported in numbers of cases with no significant improvement). Second, several articles reported response in 2 categories (response vs nonresponse) that were consistent with definitions already detailed such that results could be aggregated across studies.
Finally, adverse events were reported in most of the articles included in this meta-analysis. We synthesize the adverse event rate across studies using safety samples and the raw number of cases of adverse events as reported at any level of severity. As reported elsewhere, 12 the most common adverse events were headache, fatigue, and injection site reaction; anaphylaxis was experienced by 3 patients. See our group's systematic review for more details on specific types of adverse events.
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Statistical Analysis
Our approach to this meta-analysis of observational studies of omalizumab in CIU was guided by analytic and reporting criteria. 13, 14 Raw published data were extracted, verified in duplicate, and combined into a single database. Two effect size types were extracted from the literature. First, continuous outcomes, such as UAS7 scores, were extracted as mean and standard deviation (SD) prior to and after treatment. When not already calculated, changes in raw scores (eg, of UAS7) as well as in standardized mean difference (ie, Cohen d)w e r e computed. 87 Second, counts of events and sample sizes were extracted to calculate rates of response and adverse events. In the case of UAS7 scores only, there were 9 case studies involving 1 or 2 patients that were aggregated into a single result for inclusion in the meta-analysis after sensitivity analyses indicated that doing so would not bias estimates. Random-effects meta-analyses were performed to quantify pooled effectiveness estimates because this approach takes into account both within-study variance (ie, standard error) and between-study variance (ie, τ 2 ). Studies were weighted by the inverse of within-study variance plus the between-study variance as calculated by the DerSimonian and Laird method.
88
Weighted pooled effectiveness estimates and 95% confidence interval (CIs) are reported. In addition, z scores (weighted mean divided by the standard error of the weighted mean) and associated P values are provided for each measure to judge the precision of the pooled estimate across studies. Variation in effectiveness estimates across studies attributed to heterogeneity was quantified using Q and its P value as well as I 2 ,a metric ranging from 0% (ie, all of the heterogeneity is spurious) to 100% (ie, all of the heterogeneity is real). Predictive intervals also were calculated to present the expected range of effects that may be observed in similar studies.
89
Traditional meta-analytic approaches are problematic when rates approach the limits of 0% or 100%, as several did in this analysis. Accordingly, the Stata command metaprop was used in this analysis, which pools proportions and uses the exact binomial method, with Freeman-Tukey double arcsine transformation, to compute precise 95% CIs. 90 Only studies that included more than 1 patient were included in the analyses of rates (clinical response and adverse events) so that CIs could be computed. There also are advantages to using multivariate metaanalysis (ie, simultaneously modeling 2 related outcomes) including being able to incorporate multiple outcomes into 1 model as opposed to conducting multiple meta-analyses wherein the outcomes are considered independent. 91 Hence, we used multivariate meta-analysis 92 for the clinical response to omalizumab wherein we report simultaneous estimates of complete and partial response using the mvmeta Stata command. Where possible, we also compared effectiveness estimates by sample inclusion (ie, CIU or CSU specified, CAU, CU NOS, CIU/CSU or CAU with comorbidities, or mixed samples) using a random-effects test for heterogeneity between subgroups. All analyses were performed using Comprehensive Meta-Analysis software, version 3.0 or StataMP, version 15.
Results
Changes in Urticaria Activity
Data on change in UAS7 in response to omalizumab in CIU were available from 15 studies, and aggregated results were avail- Figure 2 ;eTable2in the Supplement). Across studies, omalizumab therapy was associated with a 25.6-point reduction in UAS7 scores (95% CI, 23.0-point to 28.2-point reduction; z = 19.47; P < .001). There was significant (Q 15 = 357.89, P < .001) and substantive (I 2 = 95.8%) heterogeneity in the improvement in UAS7 scores observed across studies; but, omalizumab was equally effective in reducing UAS7 scores across study subgroups (betweengroup Q = 0.5, P = .79; eFigure 1 in the Supplement). Using standardized mean differences, omalizumab had a large effect in improving urticaria activity as measured by the UAS7 (Cohen d = −4.4; 95% CI, −3.4 to −5.4); z = −8.8, P < .001; Q = 91.5, P < .001; I 2 = 84.7%) (data not shown).
Data on change in UAS scores in response to omalizumab in CIU were available from 10 studies collectively involving 245 patients (Table; eFigure 2 and eTable 2 in the Supplement) . Across studies, omalizumab therapy was associated with a 4.7-point reduction in UAS scores (95% CI, 4.4-point to 5.0-point reduction; z =2 7 . 6 3 ,P < .001). There was significant (Q 9 = 36.14, P < .001) and substantive (I 2 = 75.1%) heterogeneity in the improvement in UAS scores observed across studies as well as significant differences across study subgroups (between-group Q = 11.1, P = .004). Specifically, omalizumab was more effective in reducing UAS scores in samples of patients with CU NOS (6.0-point reduction; 95% CI, 5.2-point to 6.8-point reduction; z = 14.0, P < .001) compared with samples of patients with CAU (5.0-point reduction; 95% CI, 4.5-point to 5.5-point reduction; z = 19.6, P < .001), and compared with samples where patients had CIU/CSU with comorbidities (4.6-point reduction; 95% CI, 4.5-point to 4.8-point reduction, z = 61.5, P < .001) (eFigure 3 in the Supplement). Using standardized mean differences overall, omalizumab had a large effect in improving urticaria activity as measured by the UAS (Cohen's d = −3.4 (95% CI = -2.5 to −4.4); z =− 7 .2,P < .001; Q = 57.4, P < .001; I 2 = 84.3%) (data not shown).
Changes in Quality of Life
Data on change in DLQI scores following omalizumab treatment of CIU were available from 6 studies collectively involving 84 patients (Table; eTable 2 in the Supplement). Across studies, omalizumab therapy was associated with a 13.9-point reduction in DLQI scores (95% CI, 10.0-point to 17.9-point reduction; z = 6.9, P < .001). There was significant (Q 5 = 96.3, P < .001) and substantive (I 2 = 94.8%) heterogeneity in the improvement in DLQI scores observed across 2015 -33.20 (-36.20 to -30.20) 6.52 Buyukozturk et al, 19 2012 -31.50 (-34.74 to -28.26) 6.65 Pinto Gouveia et al, 61 2017 -31.20 (-34.11 to -28.29) 7.22
Aggregated case studies (1-2 patients) 24,32,38,41,46,59,62,67,78 -30.74 (-31.56 to -29.93) 7.08 Gomez-Vera et al, 37 2016 -29.40 (-30.96 to -27.84) studies. Data on change in CU-Q 2 oL scores in following omalizumab treatment of CIU were available from 3 studies collectively involving 70 patients (Table; eTable 2 in the Supplement). Across studies, omalizumab therapy was associated with a 42.3-point improvement in CU-Q 2 oL scores (95% CI, 18.9-point to 65.8-point reduction; z = 3.5, P < .001). There was significant (Q 2 =97 .3,P < .001) and substantive (I 2 =97 .8%) heterogeneity in the improvement in CU-Q 2 oL scores observed across studies.
Clinical Response to Omalizumab
Data on complete response was available from 45 studies involving 1158 patients (Table and Figure 3 ;e T a b l e2i nt h e Supplement). Across studies, the average complete response rate was 76.0% (95% CI, 70.0%-82.0%; z = 27.0, P < .001). Although there was significant heterogeneity in complete response rates across studies (Q = 172.0, P < .001, I 2 = 74.4%), there were no significant differences in complete response rate across study subgroups (between-subgroup Q 4 = 3.48, P =.48) (eFigure 4 in the Supplement). Based on the same 45 studies, the average nonresponse rate was 7.0% (95% CI, 5.0%-10.0%; z =8 . 9 ,P < .001). Although there was significant heterogeneity in nonresponse rates across studies (Q = 71.9, P < .001, I 2 = 37.4%), there were no significant differences in nonresponse rates across study subgroups (betweensubgroup Q 4 =7 .2,P = .130) (data not shown). Data on partial response was available from 37 studies involving 908 patients (Table; eTable 2 and eFigure 5 in the Supplement). Across studies, the average partial response rate was 15.0% (95% CI, 10.0%-22.0%; z = 7.6, P < .001). Although there was significant heterogeneity in partial response rates across studies (Q = 137.3, P < .001, I 2 = 73.8%),
there were no significant differences in partial response rates across study subgroups (between-subgroup Q 4 = 3.8, P = .44) (data not shown). When modeled jointly using multivariate metaregression, the complete response rate was 72.2% (95% CI, 66.1%-78.3%; z = 23.3, P < .001, I 2 = 5%), and the partial response rate was 17.8% (95% CI, 11.7%-23.9%; z =5.7 ,P < .001, I 2 = 4%) (eFigure 6 in the Supplement).
Adverse Events Following Omalizumab Treatment
Data on adverse events was available from 47 studies involving 1314 patients (Table and Figure 4 ;eTable2intheSupple-ment). Across studies, the average adverse event rate (any level of seriousness/severity) was 4.0% (95% CI, 1.0%-7.0%; z =3. 6, P < .001). There was significant heterogeneity in adverse event rates across studies (Q = 196.1, P < .001, I 2 = 76.6%). The adverse event rate was lower in studies of patients with mixed urticaria compared with other study subgroups (betweensubgroup Q 3 = 14.5, P < .001) (eFigure 7 in the Supplement).
Discussion
The objective of this meta-analysis was to quantitatively synthesize what is known about the benefits and harms of omalizumab as used in the real-world clinical management of CIU. Synthesizing results from 67 published reports, we have provided evidence that omalizumab therapy results in large and significant improvements in UAS7, UAS, DLQI, and CU-Q 2 oL scores. We also have provided evidence that omalizumab therapy is associated with complete and partial response rates of approximately 72.2% and 17.8%, respectively, when examined simultaneously. Finally, we have provided evidence that across real-world studies of omalizumab in CIU, the average adverse event rate at any level of severity is 4%. The results of this meta-analysis of observational research must be interpreted with an understanding of (1) what is already known about omalizumab in CIU from trials, (2) what these results add to our understanding of real-world use of omalizumab in CIU, and (3) what can be expected in clinical practice.
In the pivotal trial of omalizumab in CIU, 7 patients experienced a 17.9-to 20.7-point average reduction in UAS7 scores and an 8.3-to 10.2-point average reduction in DLQI scores. In the ASTERIA I trial, 93 patients had a 14.9-to 22.1-point average reduction in UAS7 scores and a 6.1-to 10.3-point average reduction in DLQI scores. In the present meta-analysis of real-world studies of omalizumab in CIU, there was a 25.6-point reduction in UAS7 scores, and a 13.9-point reduction in DLQI scores on average. Of particular note, the average changes observed in urticaria activity and quality of life in following omalizumab treatment were numerically greater than the results of prior trials and were also above thresholds of minimally important difference in these outcomes. Thus, in the treatment of CIU, results may be better in real-world practice than in reports of clinical trials. Change in UAS7 assessed from daily vs twice-daily methods are similar enough that only the less burdensome UAS7 should be used in future research.
94,95
Clinical response has been operationalized in several ways in the CIU literature. Studies included in this meta-analysis most commonly defined complete response as symptom disappearance that could be followed by antihistamine discontinuation, and partial response as incomplete symptom improvement or symptom improvement followed by worsening when discontinuing antihistamines. The complete response rate in our analysis ranged from 70% to 82%, and the partial response rate ranged from 10% to 22%. Likely most informative to practice and policy are our results that the average complete response rate was 72.2% with a partial response rate of 17.8% when modeled together as opposed to considering these outcomes independently. Specifically, these results reflect what might be observed in clinical practice when looking for both complete and partial responses.
Serious adverse event rates from randomized clinical trials involving omalizumab and CIU range from 2.9% to 8% depending on the dosage. 7, 93 In the present meta-analysis, there was an adverse event rate (any severity) of 4% with a confidence range of 1% to 7%. Hence, based on these realworld data, omalizumab has a safety profile that is similar to if not better than what was gleaned from prior trial results. Our results need to be interpreted with caution, however, because the monitoring and reporting of adverse events in real-world studies is not always comparable to how safety is evaluated in trials. Even when protocols identify a complete body of research, meta-analysis results may represent a wide range of the population of interest, concomitant medications, and study characteristics, as well as true variation in treatment effects (ie, heterogeneity). 96 Hence, results of this meta-analysis are more variable than trial results, as evidenced by significant heterogeneity statistics and high I 2 values. Our observations of heterogeneity, however, do not impair our principal findings that across real-world settings treatment of CIU with omalizumab is associated with significant clinical improvement in several outcomes as well as clinical response. But, our findings also indicate that treatment effectiveness should be expected to vary in clinical practice. Hence, we also have included prediction intervals in our results such that clinicians can have a full understanding of the precision of our results as well as the full range of what might be expected in similar studies and in practice (ie, prediction interval). There are several remaining questions about the real-world effectiveness of omalizumab in CIU. Dosing and duration of omalizumab was highly variable within studies (eTable 1 in the Supplement); as more evidence accumulates, the effect of study-level treatment variation on outcomes can be explored. Because other medications were not reported consistently across studies, 12 the influence of concomitant medications on real-world outcomes remains unknown. Studies in this meta-analysis included patients with and without angioedema 12 ; we are hopeful to gain more insight into the effectiveness of omalizumab for angioedema with uptake of the new definition of CIU that includes angioedema, 2 and as more studies report angioedema activity. Finally, few studies in this meta-analysis included patients with CIU and inducible urticarias, but not in a way that could be synthesized to understand omalizumab effectiveness under both conditions. 
Strengths and Limitations
There are several strengths and limitations of this metaanalysis that must be considered. First, despite our focus on realworld data, our results may not be generalizable to all patient and clinician experiences with omalizumab in the treatment of CIU. Second, real-world study designs, data, and rigor vary considerably. Hence, despite our overall conclusions that omalizumab may be more effective in the real world than what is seen in randomized clinical trials, real-world practice results should be expected to vary, with many patients having complete response but some having less benefit. Third, 2 issues that often surface when examining meta-analyses are the influence of publication and small-sample bias. Regarding our synthesis of response rate, as a representative example, there was no evidence of publication bias when performing common trim and fill procedures, 97 and any bias from small studies 98 was nonsig- 
Conclusions
The benefits of omalizumab reported in the real-world treatment of CIU exceed those reported in clinical trials, and the real-world safety profile is similar or superior to that found in trials. These real-world data on the use of omalizumab in CIU may help inform clinical practice treatment expectations as well as policy decision making. Role of the Funder/Sponsor: Novartis had a role in reviewing the manuscript, but had no role in its preparation and approval and no role in the design and conduct of the study; collection, management, analysis, and interpretation of the data; and decision to submit the manuscript for publication. Abbreviations: CAU = chronic auto-immune urticaria, CIU = chronic idiopathic urticaria, CSU = chronic spontaneous urticaria, IgE = Immunoglobulin E, NOS = not otherwise specified, Q2W = every 2 weeks, Q4W = every 4 weeks, Q6W = every 6 weeks, Q12W = every 12 weeks, UK = United Kingdom, US = United States of America. Abbreviations: CAU = chronic auto-immune urticaria, CIU = chronic idiopathic urticaria, CSU = chronic spontaneous urticaria, CU-Q2oL = chronic urticaria quality of life questionnaire, DLQI = Dermatology Life Quality Index, NOS = not otherwise specified, UAS = Urticaria Activity Score, UAS7 = weekly Urticaria Activity Score. † safety sample = 154 ‡ safety sample = 52 ¥ safety sample = 66 safety sample = 51 eFigure 1: Change in UAS7 by Study Sub-Groups eFigure 1 Legend: This forest plot represents the overall meta-analytic estimates of change in UAS7 by study sub-groups. Overlapping subgroup estimates (horizontal diamonds) with the overall effect (dashed vertical line) indicate no significant differences in the change in UAS7 by study sub-groups.
Abbreviations: CAU = chronic auto-immune urticaria, CI = confidence interval, CIU = chronic idiopathic urticaria, CSU = chronic spontaneous urticaria, UAS7 = weekly Urticaria Activity Score. This forest plot represents the overall meta-analytic estimates of change in UAS by study sub-groups. Subgroup estimates (horizontal diamonds) that do not overlap with the overall effect (dashed vertical line) indicate significant differences in the change in UAS by study sub-groups.
Abbreviations: CAU = chronic auto-immune urticaria, CI = confidence interval, CIU = chronic idiopathic urticaria, CSU = chronic spontaneous urticaria, CU NOS = chronic urticaria not otherwise specified, UAS = Urticaria Activity Score. eFigure 7 Adverse Events (any Severity) by Study Sub-Group eFigure 7 Legend: This forest plot represents the overall meta-analytic estimates of adverse events by study sub-groups. Sub-group estimates (horizontal diamonds) that do not overlap with the overall effect (dashed vertical line) indicate significant differences in the adverse event rate by study sub-group.
Abbreviations: AE = adverse event, CI = confidence interval, CIU = chronic idiopathic urticaria, CSU = chronic spontaneous urticaria, CU NOS = chronic urticaria not otherwise specified. This funnel plot represents complete response rates in each study (x axis) and the standard error in response rates in each study (y axis). In general, studies that range in rates should form the shape of an inverted funnel, particularly those studies that were larger and more precise (i.e. those toward the top of the funnel plot). Duval and Tweedie nonparametric trim and fill method of accounting for publication bias in meta-analysis were employed but did not result in any refinement of estimates or imputation of possible missing studies due to publication bias. This funnel plot also presents the direction of bias from small studies (the diagonal dash-dot-dash line) that was not statistically significant when using Egger's test. In summary, there was no evidence of publication or small sample bias.
